Distal to a peripheral nerve transection, myelin degradation and Schwann cell (SC) proliferation are accompanied by a marked upregulation of brain-derived neurotrophic factor (BDNF) and a decrease of ciliary neurotrophic factor (CNTF) in non-neuronal cells. To investigate the role of SC differentiation in trophic factor regulation, we studied BDNF and CNTF expression in sciatic nerves from Trembler-J (Tr-J) mice. In these animals, a mutation in the pmp-22 gene causes a failure of myelination and continuous SC proliferation, but axonal continuity is preserved. In spite of the severe abnormalities in Tr-J nerves, BDNF levels remained as low as in the intact controls. Thus, the primary SC disorder in Tr-J produces a different pattern of BDNF expression from that caused by axonal breakdown due to nerve transection. Furthermore, the upregulation of BDNF mRNA triggered by transection was 70-fold in control nerves, but only 30-fold in Tr-J sciatic nerves. Because these results raised the possibility that axonal loss may influence neurotrophin expression only in SCs that have differentiated toward a myelinating phenotype, we measured BDNF mRNA after axotomy in the cervical sympathetic trunk (CST), a predominantly unmyelinated autonomic nerve. In contrast to the sciatic nerves, the BDNF mRNA level barely increased in the injured CST, supporting the idea that not all SCs are equal sources of trophic molecules. In Tr-J sciatic nerves, CNTF mRNA levels were fourfold lower than normal, implying that the downregulation of this cytokine is a sensitive indicator of a spectrum of SC perturbations that affect myelinating cells.
In the peripheral nervous system (PNS), interactions between neurons and non-neuronal cells play key roles in Schwann cell (SC) differentiation, myelin formation, and axon development (for review, see Reynolds and Woolf, 1993; Mirsky and Jessen, 1996) . For example, axons influence SC division (Salzer et al., 1980) , probably via neuregulins such as glial growth factor (Marchionni et al., 1993) . Conversely, myelinating SCs modulate axon caliber through a process that may involve neurofilament phosphorylation (de Waegh et al., 1992) .
SCs are also a source of cytokines and neurotrophins that can affect the survival, differentiation, and growth of neurons (for review, see Bunge, 1993) . The expression of these molecules changes during development, suggesting that axon-SC interactions influence their production in peripheral nerves. For instance, ciliary neurotrophic factor (CNTF) expression increases as myelination progresses (Sendtner et al., 1994) . In contrast, only low levels of brain-derived neurotrophic factor (BDNF) are present in SCs of either developing or mature nerves (Acheson et al., 1991; Schecterson and Bothwell, 1992) . The loss of axons, as occurs in the distal stump of a transected sciatic nerve, affects the proliferation and differentiation of SCs and dramatically changes their expression of both BDNF and CNTF. The levels of BDNF mRNA, which are barely detectable in the intact nerve, increase 40-fold in the SCs of these injured nerves. Furthermore, BDNF expression only returns to normal when the regeneration of axons restores neuron-SC contacts (Meyer et al., 1992; Funakoshi et al., 1993) . Conversely, the high levels of CNTF in intact nerves (Williams et al., 1984) rapidly fall by nearly 100% after sciatic nerve transection and remain low until axonal regeneration is completed Sendtner et al., 1992b) .
Much of the information concerning the effects of a disruption of axon-SC interactions has arisen from studies that involve the experimental interruption of myelinated axons. Here we have investigated the relationships between SC differentiation toward myelination and trophic factor expression in two situations. First, we examined BDNF and CNTF mRNA expression in the Trembler-J (Tr-J) mutant mouse, which has a point-mutation in the gene for the peripheral myelin protein pmp-22 (Suter et al., 1992) . In Tr-J peripheral nerves, SC myelin formation is deficient, the few lamellae that form break down (Ayers and Anderson, 1973) , and SC division continues throughout life (Perkins et al., 1981) . Second, because many fibers in normal autonomic and sensory nerves remain unmyelinated in the mature animal, we measured BDNF mRNAs in one such nerve, the cervical sympathetic trunk (CST) before and after axonal interruption to determine whether growth factor expression is indeed influenced by the SC's acquisition of the myelinating phenotype. This investigation of BDNF expression in the CST was further prompted by the finding that neither CNTF mRNA nor CNTF protein has been detected in unmyelinated fibers .
MATERIALS AND METHODS
Animals and surgical procedures. Tr-J heterozygous mice were purchased from Jackson Laboratories (Bar Harbor, ME). C57Bl/6J mice, either littermates or closely age-matched, were used as controls. The Tr-J mutation was confirmed by clinical and morphological criteria (Ayers and Anderson, 1973) (Fig. 1) . Adult Tr-J and C57Bl/6J control mice (3-6 months old, ϳ20 -30 gm in weight) were anesthetized with ketamine (100 -200 mg/kg) and xylazine (7-10 mg/kg). The sciatic nerve was exposed and cut ϳ1 cm proximal to the origin of the common peroneal nerve. To avoid axonal regrowth, each end was ligated and sutured to the adjacent muscle with 6 -0 silk. After appropriate survival times, the animals were anesthetized, and distal segments of the cut nerves were removed and immediately homogenized in a guanidinium isothiocyanate solution for RNA extraction. The contralateral nerves were used as intact controls for the experiments involving injury.
Adult Sprague Dawley (Charles River, St. Constant, Québec, Canada) rats were used to study the unmyelinated nerve fibers of the CST. Because of the small size of this nerve, rats were used instead of mice. One CST was crushed with jeweller's forceps or cut with scissors ϳ8 mm below the superior cervical ganglion. Interruption of the CST was confirmed by ptosis of the ipsilateral eyelid and by histological analysis of a portion of the nerve. The contralateral CSTs were used as control unmyelinated nerves.
RNA preparation and cDNA synthesis. Three to five sciatic nerves or four to six CSTs were homogenized in guanidinium isothiocyanate solution using a hand-held ground-glass homogenizer. RNA was extracted according to the guanidinium isothiocyanate/phenol method (Chomczynski and Sacchi, 1987) . After one phenol/chloroform extraction and isopropanol precipitation, RNA was resuspended in water with 1 U/l RNase inhibitor (RNAguard, Pharmacia Biotech) and treated with 0.01 U/l DNase I (Amplification Grade, BRL, Bethesda, MD) for 40 min at 21ЊC to remove contaminating genomic DNA. This was followed by two phenol/chloroform extractions and ethanol precipitation. RNA was reverse-transcribed using 10 U/l M-MLV Reverse Transcriptase RNase H Minus (Promega, Madison, WI) with 100 pmol of random hexamers (Pharmacia Biotech) in the presence of 1 mM deoxynucleoside triphosphates (dNTPs; Pharmacia Biotech) and 1 U/l RNase inhibitor. The reaction mixtures were incubated at 21ЊC for 10 min, 42ЊC for 50 min, and 92ЊC for 3 min (Kawasaki and Wang, 1989) . As a control, an equal aliquot of RNA was processed without the addition of reverse transcriptase.
PCR. PCR was performed using 1 l cDNA from the reverse transcription (RT) reaction per 20 l total reaction mixture in 1ϫ PCR buffer (BRL) with 1.5 mM MgCl 2 , 0.2 mM dNTPs, 0.5 M of each sequencespecific primer, and 1.5 U Taq DNA Polymerase (BRL). The mixture was heated to 94ЊC for 3 min and then cycled 30 times as follows: 1 min at 94Њ, 0.5 min at 62Њ, 1 min at 72Њ (Coen, 1991) . PCR products were run on 1.2% agarose gels with 0.5 g/ml ethidium bromide and photographed with Polaroid Type 55 positive-negative film. Densities were measured from the negatives using a SciScan 5000 densitometer. The sequence-specific primers used for amplification were 5Ј-GAGCTGAGCGTGTGTGA-CAG-3Ј and 5Ј-CTCGACTCGCACACACTGTC-3Ј for BDNF and 5Ј-CCCTTCATTGACCTCAACTACATGG-3Ј and 5Ј-GGTAGTGACGG-TGGGTCTTCTGA-3Ј for glyceraldehyde-3-phosphate dehydrogenase (GAPDH), used as an internal control. The sequences of the BDNF primers are common to both mouse and rat BDNF; only 7 base pairs (bp) are different in the entire coding region of the two genes so that amplification should be equally efficient for either.
Competitive PCR. The competitive PCR method of Gilliland et al. (1990) was used for precise cDNA quantitation. This technique requires the addition of a competitor DNA that differs from the cDNA of interest by a small, yet detectable, internal change (deletion or mutation). The same primers coamplify the cDNA and a known amount of competitor. The two species are subjected to the same amplification so that the ratio of their products should remain constant. The relative amount of each product can be determined by running them on appropriate separating gels followed by densitometric scanning.
A 750 bp rat BDNF cDNA cloned into pGEM 7Z (pBDNF 1. Five serial dilutions of the DNA competitor were amplified with equal aliquots of the products of RT (cDNA pool). Because the cDNA and deletion construct were amplified with equal efficiency, the starting concentration of the specific cDNA could be determined from the dilution of the standard at which the intensity of their PCR products are equal. In separate PCR reactions, serial dilutions of GAPDH standard were amplified with aliquots of the same cDNA pool. GAPDH quantitation was achieved by performing a linear regression of log(signal standard/signal cDNA) with log(known concentration of the standard). The point at which log(signal standard/signal cDNA) is zero is the equivalence point; the antilog gives the concentration of the specific cDNA. Values are corrected for differences in fragment size because equal numbers of the larger cDNA products will stain more strongly in proportion to the size difference.
For BDNF, a narrow range of standard dilutions was used. In this way, cDNA levels could be determined directly from the gel of PCR products without further analysis. The effective use of competitive PCR for the quantitation of BDNF mRNA was established by testing the following parameters: the equal competitiveness of each cDNA and its standard over a broad range of RNA concentrations; the reproducibility of quantitation over the same range; and its high level of sensitivity and specificity (Carding et al., 1992) . This was accomplished by producing in vitro transcribed RNAs from a BDNF cDNA clone and its competitor. Equal amounts of the RNAs were tested by RT-PCR for ability to compete and for reliability. Southern hybridization of BDNF PCR products and other known neurotrophin cDNAs with a BDNF probe provided evidence of the specificity of the BDNF amplification. Finally, sensitivity was established by the ability to detect 10 Ϫ3 amol of BDNF mRNA in mouse sciatic nerve preparations (Fig. 2) .
Northern hybridization of CNTF mRNA. Because of its relative abundance in peripheral nerves, CNTF mRNA was assayed by Northern hybridization. Total RNA from three to five sciatic nerves was loaded per lane on formaldehyde-containing 1% agarose gels. RNA was transferred to Nytran membranes (Schleicher & Schuell, Keene, NH) using a vacuum transfer apparatus (Pharmacia) and an ultraviolet crosslinker (Stratagene, La Jolla, CA). A 600 bp CNTF cDNA cloned into pGEM7Z was a gift from Dr. R. J. Dunn. The purified cDNA fragment was labeled with [ 32 P]deoxycytidine triphosphate (3000 Ci/mmol, Dupont NEN) using an oligolabeling kit (Pharmacia).
Hybridizations were performed overnight at 68ЊC as described previously (Jelsma et al., 1993 ) using 1-3 ϫ 10 6 cpm/ml of probe in 0.5 M NaPO 4 , pH 7, 7% SDS, 1% bovine serum albumin, 1 mM EDTA, and 100 g/ml salmon sperm DNA. Filters were washed twice for 20 min each at 67ЊC in 4ϫ SSC, 0.1% SDS, and twice for 20 min in 2ϫ SSC, 0.1% SDS. The blots were then exposed to Kodak XAR film with intensifying screens at Ϫ80ЊC, stripped of probe by four washes in 0.1ϫ SSC at 85ЊC for 30 min each, and then re-probed for GAPDH mRNA. Total RNA was estimated by methylene blue staining. Blots were washed for 15 min at room temperature in 5% acetic acid, then stained for 10 min at room temperature with 0.04% methylene blue in 0.5 M sodium acetate, pH 5.2, and rinsed in water numerous times to remove the background staining. Autoradiograms were scanned using a SciScan 5000 densitometer (US Biochemical, Cleveland, OH).
RESULTS

Measurement of GAPDH mRNA levels
As an internal reference, GAPDH levels were measured in the same cDNA pool as the BDNF. GAPDH mRNA was first assessed in each experimental situation to determine its expression relative to total RNA. As shown previously (Heumann et al., 1987) , there were three-to fourfold increases in total RNA in the distal portions of the transected nerves; uninjured Tr-J nerves also contained several-fold more RNA than control nerves.
GAPDH RNA was measured in uninjured nerves and in the distal stumps of transected nerves from four normal and four Tr-J mice. As estimated by ethidium bromide staining intensity on agarose gels, equal amounts of RNA were used for RT followed by PCR for GAPDH. There was no significant difference in GAPDH/RNA ratios among RNA pools from these four groups (Table 1 ), indicating that GAPDH levels are a reliable reference for comparisons of trophic factor levels.
BDNF mRNA in Tr-J and normal sciatic nerves
For each experiment, RNA purified from the pooled sciatic nerves of three to five Tr-J and three to five control mice was used to quantitate GAPDH and BDNF mRNAs by RT-PCR. Examples of competitive PCR for BDNF and GAPDH on the same RNA sample are shown . RT-PCR of BDNF and GAPDH mRNAs in Tr-J and normal sciatic nerves. RNA was purified from distal stumps of transected sciatic nerves 2 weeks after axotomy. Intact contralateral nerves were used as controls. After RT with random primers, the cDNA samples were amplified for BDNF (A) and GAPDH (B). Each sample was coamplified with a dilution series of five concentrations of the BDNF DNA standard. For example, in the intact Tr-J nerves, the intensity of the BDNF cDNA band (318 bp) is greater than the 8 ϫ 10 Ϫ4 amol standard band (197 bp) and less than the 4 ϫ 10 Ϫ4 amol band, giving a measurement of 6 -7 ϫ 10 Ϫ4 amol for this sample. By the same procedure, the GAPDH mRNA of this sample was estimated to be 2.8 amol (B), giving a ratio of 0.02% BDNF/GAPDH.
in Figure 2 . When reverse transcriptase was omitted from the reaction, the cDNA signal was not observed (data not shown), indicating that there was no DNA contamination. The levels of BDNF mRNA in intact sciatic nerves were at the limit of detection in this assay; in both the Tr-J or normal mouse sciatic nerves, the BDNF/GAPDH ratios were 0.03 Ϯ 0.02%.
CNTF Northern analysis of Tr-J and normal sciatic nerves
CNTF Northern blot hybridizations of total RNA from normal or Tr-J sciatic nerves showed a single band of ϳ1.2 kb, as reported previously (Stöckli et al., 1989) . CNTF mRNA levels were lower in the mutant than in control nerves, whereas GAPDH mRNA levels were consistently higher (Fig. 3) . The CNTF/GAPDH mRNA ratios for the Tr-J sciatic nerves were 25% of those of normal nerves (Table 2) .
Effects of axonal interruption
BDNF mRNA is markedly upregulated in the distal portion of transected rat sciatic nerves (Meyer et al., 1992; Funakoshi et al., 1993) . To determine if the Tr-J SCs retain their ability to upregulate BDNF mRNA after injury, BDNF mRNA levels were compared after sciatic nerve transection in mutant and control mice (Fig. 2) . After such lesions, BDNF mRNA levels were significantly greater in the control nerves than in the Tr-J nerves (Fig. 4) . Fourteen days after transection, the levels of BDNF mRNA increased approximately 70-fold in the distal segments of normal sciatic nerves, but only 30-fold in Tr-J mouse nerves. Thus, the extent to which Tr-J nerves upregulate BDNF mRNA is less than that of normal nerves.
To examine BDNF regulation in a population of SCs that normally does not produce myelin, BDNF and GAPDH mRNAs were measured in the distal portions of rat CSTs 1 and 2 weeks after axonal interruption (Figs. 4, 5) . The rat CST was used for this study because of the small size of this nerve in the mouse. In the RNA prepared from six intact CSTs, the BDNF mRNA level was below the detection limit of the experiment (Յ0.0004 amol). After injury, however, total RNA increased and BDNF mRNA became detectable, but the BDNF/GAPDH ratio was only 0.09% for the crushed nerves and 0.05% for the transected nerves (Fig. 4) . These ratios are 20-to 40-fold lower than the BDNF/GAPDH ratio for axotomized sciatic nerves from normal mice (2.0 Ϯ 0.5%) or rats (2.2 Ϯ 0.5%, details of data not shown, n ϭ 2). Thus, in response to injury, the predominantly unmyelinated CST does not upregulate BDNF mRNA as does the sciatic nerve, which contains many more myelinated fibers.
Previous investigators showed that 1 week after transection of normal rat sciatic nerves, CNTF mRNA is reduced by 98% Sendtner et al., 1992b) . CNTF Northern blot hybridization of RNA extracted from the distal portions of four transected sciatic nerves of normal and Tr-J mice agreed with these results. After axotomy, CNTF mRNA expression decreased by more than 10-fold in normal nerves and was reduced to a comparable extent in Tr-J nerves (data not shown). Fig. 4B ).
Figure 3. Northern blot of CNTF and GAPDH RNAs in normal and
Tr-J sciatic nerves. Total RNA from 3-5 sciatic nerves of control and Tr-J mice was processed for Northern blot hybridization as described in Materials and Methods (A). The blot was first hybridized with a CNTF cDNA probe and subsequently rehybridized with a GAPDH cDNA probe. In the Tr-J nerves, the GAPDH mRNA was proportional to the main rRNA species (18S and 28S), visualized when the blot was stained with methylene blue (B). S, Svedberg units.
DISCUSSION
These investigations, designed to determine the role of SC differentiation and myelin formation in the expression of BDNF or CNTF in peripheral nerves, have demonstrated the following.
(1) Using an RT-PCR method that is sensitive to the range of 1 amol, the expression of BDNF mRNA in Tr-J sciatic nerves remains at the same low level as in normal controls, despite the severe pathological changes in the Tr-J nerves. (2) An upregulation of BDNF mRNA could be triggered in Tr-J sciatic nerves by interrupting axonal continuity, but the enhancement of BDNF expression in the hypomyelinated Tr-J nerves was less than one-half that observed after the same injury in normally myelinated nerves. (3) BDNF mRNA was not detectable in the intact CST of adult rats, where ϳ1% of axons are ensheathed by myelin (Bray and Aguayo, 1974) . (4) After axonal interruption, BDNF mRNA expression in the rat CST barely changed from normal, reaching levels that were 20-to 40-fold less than in transected sciatic nerves. The slight increase in BDNF in the CST after injury likely reflects the small population of myelinated fibers in this nerve. (5) Compared with intact control nerves, CNTF mRNA levels were fourfold less in intact Tr-J sciatic nerves and decreased further after axonal interruption to approximate the levels found in axotomized control nerves.
Expression of BDNF mRNA in peripheral nerves
Our findings that BDNF mRNA levels in intact Tr-J nerves did not differ from normal controls indicate that demyelination and SC proliferation per se may not trigger or sustain an enhanced expression of BDNF. Such an upregulation might have been expected from previous observations of a marked increase in the mRNAs of most neurotrophins, including BDNF, in the distal stumps of transected sciatic nerves (Heumann et al., 1987; Meyer et al., 1992; Funakoshi et al., 1993) where myelin degenerates and SCs divide after axotomy. However, the temporal relationships of myelin breakdown or SC proliferation do not coincide with maximum BDNF expression during Wallerian degeneration. The removal of myelin debris is virtually complete 6 d after sciatic nerve transection in mice (Reichert et al., 1994) . Furthermore, SC proliferation peaks during the first week after axotomy when BDNF values are only beginning to rise. In transected nerves, high and sustained levels of BDNF occur later when SC labeling indices are low (Bradley and Asbury, 1970) and resemble those found in the intact Tr-J nerves (Perkins et al., 1981) . The role of axonal contacts in the regulation of neurotrophin expression by SCs is emphasized by our finding that BDNF mRNA expression is enhanced after Tr-J sciatic nerve transection. However, this response to axotomy was weaker than normal in Tr-J sciatic nerves and even less in the interrupted fibers of normal CSTs, which are predominantly unmyelinated (Fig. 4) . The blunted increase in BDNF mRNA in transected Tr-J sciatic nerves may relate to the incomplete SC differentiation and scant myelin formation in this mutant. Because of the small size of the mouse CST, changes in BDNF expression after injury to unmyelinated fibers were documented only in rats. Nevertheless, we believe that our conclusion that there are differences in the expression of trophic factors by myelinating and nonmyelinating SCs is justified for two additional reasons. (1) CNTF expression is high in rat sciatic nerves but low in the CSTs of the same animal . (2) After sciatic nerve injury, BDNF mRNA is upregulated in both rats (Meyer et al., 1992; Funakoshi et al., 1993) and mice (Fig. 2) . Thus, our present studies in the rat CST establish the existence of unequal neurotrophin expression in myelinated and unmyelinated fibers in rats. These observations, together with those in Tr-J sciatic nerves, suggest that BDNF Figure 5 . RT-PCR of BDNF and GAPDH mRNAs in CSTs after nerve crush. RNA was purified from four intact and four distal stumps of crushed rat CSTs 1 week after axotomy. The cDNA pool produced by random-primed RT was amplified in PCR for BDNF (A) and GAPDH (B). The GAPDH measurements for intact and crushed CSTs were 0.4 and 2.2 amol. The BDNF level of four intact CSTs was less than or equal to the detection limit of 0.0004 amol; crushed CSTs measured 0.0016 amol BDNF. The average BDNF/GAPDH ratio of two experiments with crushed CSTs was 0.09 Ϯ 0.01%. std., Standard. Figure 4 . Effect of transection on BDNF/GAPDH ratios in sciatic nerves from control (C57Bl/6J) and Tr-J mice and in rat CSTs. BDNF and GAPDH mRNAs were quantitated using competitive RT-PCR (as in Fig.  2 ) of RNA purified from the distal segments of transected and uninjured nerves. After transection (black bars), the mean Ϯ SD of BDNF/GAPDH ratios are increased for both the normal ( p ϭ 0.02) and Tr-J nerves ( p ϭ 0.04; Mann-Whitney rank sum test). In addition, the increase in BDNF/ GAPDH ratio was significantly less for the Tr-J nerves than the controls ( p ϭ 0.01; Student's t test). BDNF mRNA was not detectable in the RNA prepared from the intact rat CSTs; 2 weeks after transection, the BDNF/ GAPDH ratio was substantially less in the CST than in the sciatic nerve preparations.
expression after axonal injury is restricted to SCs that have differentiated toward a myelinating phenotype. Although it has not been possible to define the precise state of differentiation that is required for such responses, it is likely that the early expression of myelin genes and myelin products seen at the premyelinating stage is needed.
Expression of CNTF mRNA in peripheral nerves
Several observations have led to the suggestion that CNTF expression is governed by axon-SC interactions : the correlation of CNTF expression during development with myelin formation and the cessation of SC proliferation (Sendtner et al., 1990) ; the localization of CNTF to SCs of myelinated rather than unmyelinated fibers ; and, the fall in CNTF levels during Wallerian degeneration (Sendtner et al., 1992b) . Our demonstration of decreased CNTF mRNAs in Tr-J nerves with preserved axons extends these ideas and suggests that axonal influences may not be primarily involved in the regulation of this cytokine. Apparently, SCs may need to stop dividing and acquire a stable myelinated phenotype for CNTF expression to reach its peak (Sendtner et al., 1990; Friedman et al., 1992) . However, myelin formation and CNTF levels appear to be regulated by different intracellular pathways; an elevation of cAMP induces myelin synthesis but does not affect CNTF expression (Carroll et al., 1993) . Thus, the downregulation of this molecule appears to be a sensitive but less specific indicator of a range of perturbations of peripheral nerve when SC changes are induced by axotomy or primary disorders of myelination.
Possible effects of low trophic factor expression by non-neuronal cells
Reductions in axon caliber are a common finding in segmentally demyelinated nerve fibers of the PNS and CNS (Raine et al., 1969) . In the peripheral nerves of Tr-J mice, axon caliber is decreased (Low, 1976) and neurofilament phosphorylation is impaired (de Waegh et al., 1992) . Transplantation of non-neuronal cells from normal mice into Tr-J nerves leads to the formation of normal myelin sheaths, the curtailment of SC division, the return of axonal caliber to normal (Aguayo et al., 1976) , and an increase in neurofilament phosphorylation (de Waegh et al., 1992) . Although there is no proof that the decreased CNTF levels in Tr-J nerves contribute to the axonal changes seen in these animals, it is of interest that motor neurons in CNTF knock-out mice were normal at 4 weeks of age, but became atrophic by 8 weeks (Masu et al., 1993) . The possibility that low levels of CNTF in Tr-J nerves might be related to the caliber and function of axons in this neuropathy is also supported by observations on the effect of exogenous CNTF on motoneuron function in three mouse mutants that have motoneuron disorders: wobbler (Mitsumoto et al., 1994) , mnd , and pmn (Sendtner et al., 1992a) .
The long-standing decrease in CNTF expression found in Tr-J nerves also may play a role in the development of muscle fiber atrophy, a change that implies impaired innervation (Low, 1976) . The observation that CNTF administration can reduce muscle fiber atrophy after denervation is consistent with this idea (Helgren et al., 1994) .
Potential relevance to human demyelinating disorders
Both the Tr-J neuropathy in mice and Charcot-Marie-Tooth neuropathy type Ia (CMT-Ia) in humans exhibit marked deficits of myelination and mutations in the pmp-22 gene (Valentijn et al., 1992) . These similarities raise the possibility that the pattern of trophic factor expression we describe in Tr-J may also be present in the nerves of patients with CMT and in other disorders of myelination. Axonopathies, in which neuronal alterations lead to axonal degeneration, constitute another well recognized group of animal and human neuropathies in which patterns of growth factor expression may be anticipated to exhibit features that resemble the axotomy-induced changes observed experimentally in this and other studies. Because both axonal changes and segmental demyelination coexist in most neuropathies, they are likely to show a wide spectrum of growth factor responses.
Peripheral nerves as sources of neurotrophins
The effectiveness of peripheral nerve grafts in promoting the lengthy regrowth of a population of CNS axons has been attributed in part to the capacity of SCs to release or enhance the expression of trophic molecules after peripheral nerve injury (Aguayo et al., 1991) . However, the expression of BDNF (present results) or CNTF ) is low in unmyelinated nerves, even after injury. We have also found that BDNF mRNA expression in the rat optic nerve is not upregulated after transection (our unpublished results). Thus, the failure of BDNF mRNA to increase after injury in both peripheral unmyelinated fibers and CNS structures such as the optic nerve suggests certain similarities between the responses of nonmyelinating SCs and astrocytes. Because most axons in sensory or autonomic nerves, and many in mixed nerves such as the sciatic, are normally ensheathed by nonmyelinating SCs, the role of these cells in supporting the survival and growth of injured neurons may be different from that assumed for the SCs of myelinated nerve fibers.
In summary, our observations in Tr-J mice indicate that the SC disorder that selectively impairs myelination in the nerves of these mutants results in a moderate decrease in CNTF mRNA levels and no enhancement of BDNF mRNA expression. This pattern contrasts with the upregulation of neurotrophin expression and sharp fall in CNTF levels that follow axonal damage. The complexities of growth factor regulation in the PNS are illustrated by the known heterogeneity of neurotrophin receptors found on the neurons that give rise to peripheral axons (McMahon et al., 1994) . As shown here, such complexities are further underscored by the differences in CNTF and BDNF expression in SCs at various stages of differentiation toward myelination. Moreover, our findings and those of Friedman et al. (1992) suggest that the SCs of unmyelinated nerve fibers may either not be an important source of trophic support or have trophic roles that are distinct from those of myelinated nerve fibers.
